Objectives: To determine the impact of orofacial clefts on the oral health-related quality of life of affected children and whether the oral health-related quality of life of children with orofacial clefts differs among different age groups. To assess whether the responses of children with orofacial clefts differ from the caregivers' perceptions of their child's oral health-related quality of life and compare with data from a control group.
adjustment is often challenging for children with orofacial clefts, most likely due to aesthetic concerns, speech and hearing disabilities, and difficulty acquiring the social skills necessary for adjustment (Kapp-Simon, 1986) . Children with orofacial clefts also have a higher risk of developmental problems (Jocelyn et al., 1996; Jelliffe-Pawlowski et al., 2003) . Treatment of orofacial clefts extends throughout adolescence, during which psychological adjustment has also been reported to be a problem (Kapp-Simon et al., 1992; Thomas et al., 1997) .
Many studies have focused on the problematic aspects of psychological well-being in children and adolescents with orofacial clefts. Such problems include lower self-concept scores (Broder and Strauss, 1989) , grade retention, and low school achievement (Broder et al., 1998) . Children with orofacial clefts are also at risk for dyslexia (Richman and Ryan, 2003) and early reading problems (Richman et al., 2005) . In addition, these children report more problems with social well-being compared with controls (Locker et al., 2005) . Adolescents with orofacial clefts often demonstrate social inhibition (Kapp-Simon and McGuire, 1997) . Low social competence in teens with orofacial clefts can lead to feelings of loneliness and social anxiety (Pope and Ward, 1997) . The psychological aspects of the individual with cleft lip and palate (CLP) is difficult to separate from the responses from social interaction in the psychosocial impact on the quality of life (QoL) of the affected individual.
Health-related quality of life (HRQoL) is an outcome that helps health care professionals evaluate how disease, complications, and treatment affect the patient. An overview of QoL among children and adolescents with orofacial clefts, which also included adults, indicated that between the ages of 4 and 7 years children with or without CLP revealed no statistically significant differences (Brand and Muller, 2010) . In a previous study, Brand et al. (2009) reported that children and adolescents with CLP were six times more likely to report problems with social interaction and competencies when compared with a control sample without CLP. Brand et al. (2009) also reported a Swedish study of adults with repaired orofacial clefts that indicates children and adolescents by comparison are more negatively affected in several areas of QoL. Additionally, Brand et al. (2009) reported the sleep patterns of children and adolescents with CLP compared with healthy controls and concluded from their findings that unfavorable sleep patterns were associated with psychosocial strain. Measures of HRQoL quantify a child's or parent's perception of the child's functional and psychosocial well-being and how they are affected by the child's illness and treatment. The HRQoL measures can help clinicians to make better treatment recommendations as they come to understand the burden of disease from the patient's perspective (Ralstrom, 2009) . Recent HRQoL studies have increased our understanding of how orofacial clefts affect children. Topolski et al. (2005) found that adolescents with facial differences have lower QoL scores compared with other adolescents. Damiano et al. (2007) found that children (2 to 12 years old) with cleft lip and/or palate scored significantly lower than healthy children on the psychosocial health component scale. Quality of the child's speech was highly correlated with the total, physical, and psychosocial health rating of the child. Other studies (Warschausky et al., 2002; Locker et al., 2005) have found orofacial clefts cause less of an impact on HRQoL in children.
Oral health-related quality of life (OHRQoL) is an extension of HRQoL that specifically measures the impact of oral disease on the child's physical and social functioning. Children and adolescents provide reliable information regarding their own OHRQoL when appropriate questionnaire techniques are used; although, few scales specifically designed for them have been developed (Jokovic et al., 2002; Filstrup et al., 2003; Jokovic et al., 2004) . The Child Oral Health Impact Profile (COHIP), a questionnaire designed to assess self-reported OHRQoL in children and teenagers, was found to have excellent reliability and validity . Research has also demonstrated the usefulness of obtaining caregiver reports of the child's OHRQoL in addition to the report completed by the child . Broder and Wilson-Genderson (2007) used COHIP to compare OHRQoL among children recruited from pediatric, orthodontic, and craniofacial clinics. They found that the craniofacial group reported greater negative impact on their OHRQoL than either the general pediatric or the orthodontic patients. Those subjects with repaired orofacial clefts had significantly lower scores for the overall COHIP, the Functional Well-being subscale, and the School Environment subscale.
There are few studies of age-related differences among children with orofacial clefts. Damiano et al. (2007) reported that QoL scores improve over time for children with isolated cleft palate as they approach adolescence. These children had no facial scars, although speech was most likely affected. These authors also reported that QoL scores for children with cleft lip decrease as they approach adolescence, when acceptance by their peers becomes more critical. However, the QoL survey used was not an OHRQoL survey, and the study did not include adolescent children. Broder and Wilson-Genderson (2007) reported age-related differences in OHRQoL in their study of 8-to 15-year-olds. These differences were found in the combined scores for pediatric, orthodontic, craniofacial, and community patients. This study did not discuss age-related differences in children and adolescents with orofacial clefts within the craniofacial group alone.
The purposes of this study are (1) to assess the impact of oral health in the quality of life of children and adolescents with cleft lip and/or palate, (2) to evaluate whether OHRQoL of children and adolescents with orofacial clefts differs among different age groups, (3) to determine whether the caregiver's perception of his or her child's OHRQoL differs from the child's perception, and (4) to compare the results from subjects with and without orofacial clefts.
Previous studies indicate that children with CLP do not differ in OHRQoL as compared with healthy controls or children without CLP, so in this study we formulated these null hypotheses:
Ho1: Children with cleft lip and/or palate do not differ in OHRQoL compared with healthy subjects. Ho2: There is no age-related difference in OHRQoL among subjects with orofacial clefts. Ho3: Caregivers' perceptions of their child's OHRQoL do not differ from those of their children with repaired orofacial clefts.
MATERIALS AND METHODS

Subjects
To participate in the study, subjects had to be between 8 and 18 years of age and be able to speak and read English. Exclusion criteria included pregnancy, having a medically handicapping condition, and inability to read or speak English, being enrolled in a special class for mental disabilities, or having a learning disability. Additionally, participants of the cleft group had to be diagnosed with cleft lip and/or cleft palate. Participants of the control group were excluded if they had a significant medical history or craniofacial birth condition.
A sample-size calculation, using 80% power and an alpha of .05, estimated that 75 subjects for both the cleft group and the control group would be required to detect a difference of 13.30 points on the overall COHIP score. Differences of similar magnitude could be detected for the subgroup analyses of the COHIP. This calculation was based on results of a previous study using the COHIP .
Eighty patients were recruited in the Nationwide Children's Hospital Craniofacial Anomalies Orthodontic Clinic (cleft group), and 32 patients were recruited in the Pediatric Primary Care Clinic (control group). Additionally, data from 57 patients recruited in the Adolescent Medicine Clinic during a previous study (Ralstrom, 2009) were added to the control group to increase the sample size. Of the subjects with orofacial clefts, one was excluded because he did not have an orofacial cleft, two were excluded due to mental disorders, one was excluded due to missing responses, and one was excluded due to age. Of the control subjects, eight were excluded due to learning disabilities, one was excluded due to missing answers, and five were excluded due to age. A total of 75 subjects with orofacial clefts and their caregivers, as well as 75 control subjects, met our inclusion and exclusion criteria.
Data Collection
The study was approved by the Institutional Review Board at Nationwide Children's Hospital. Caregivers consented to participate themselves and to have their child participate. Child subjects assented to participate and then completed the 38-item COHIP questionnaire. The accompanying caregivers of the subjects with orofacial clefts also completed a 38-item COHIP reworded for caregivers. The COHIP is designed to measure self-reported OHRQoL in children aged 8 to 15 years. Its readability score has been assessed at a 3.5-grade reading level, making it suitable for children in third grade or higher. The COHIP contains 34 items to measure OHRQoL in five domains: Oral Health, Functional Well-Being, Social-Emotional Well-being, School Environment, and Self-Image. It also contains four items to assess treatment expectations and global health that are not included in computing the overall COHIP score. The questionnaire contains items to assess both positive and negative aspects of OHRQoL, following the World Health Organization concept that health is more than the absence of disease (Broder, 2007; Broder and Wilson-Genderson, 2007) . The subscales are summarized in Table 1 (used with permission from Ralstrom, 2009 ).
Higher COHIP scores reflect a more positive OHRQoL. Subscale scores are calculated by summing the responses of the items specific to the subscale, and subscales are summed for the overall OHRQoL score . Treatment expectation scores and global health responses are not included in the overall COHIP scale because these items are relevant only when the COHIP is used as part of a treatment assessment. Scores can range from 0 to 140 for the overall COHIP scale. If more than two thirds of the items in a subscale are missing, the subscale and the overall score are set to missing. If fewer items are missing for a subscale, the mean score of responses to scored items for the subscale is used. For this project, the questionnaire was transformed to a paper format that could be digitally scanned and processed using an HP Scanner (Hewlett-Packard Company, Palo Alto, CA) and Cardiff TeleForm software (New England Survey Systems, Brookline, MA). The responses were then checked manually for errors in scanning and/or data entry.
Statistical Analyses
Age groups were established in order to be consistent with other OHRQoL studies involving children with orofacial clefts (Jokovic et al., 2004; Locker et al., 2005) . Race was categorized as African American, white, or neither of these two (Other). Cleft subjects were further classified by the type of cleft. Statistical analyses were performed using SAS version 9.1.3 (SAS Institute Inc., Cary, NC). The following parametric statistics were used for analysis in order to facilitate comparison with other COHIP studies Ralstrom, 2009 ) that used parametric statistics for the summary and analytical methods. Overall OHRQoL and subscale scores were analyzed using analysis of variance with the basic child, age, gender, and race groups and all 2-way interactions as the independent variables. Overall OHRQoL and subscale scores of the cleft subjects were further analyzed using analysis of variance with the cleft, age, gender, and race groups and all 2-way interactions as the independent variables. Responses between caregivers and children were analyzed using a repeated-measures analysis of variance using the maximum likelihood estimation method and the Satterthwaite approximation for the denominator degrees of freedom (SAS PROC MIXED). Tukey-Kramer comparisons of the least squares means were used to compare the scores whenever a significant factor was found with more than one degree of freedom. An overall significance level of alpha 5 .05 was established for each score.
RESULTS
The demographic data are reported in Table 2, and  Table 3 summarizes the distribution of cleft subjects according to cleft classification. Table 4 shows a comparison of overall and subscale scores for the cleft and control child groups. For all analyses involving these basic child groups, no factor other than those reported to be statistically significant in Table 4 , was found to be statistically significant. Regarding the group 3 age interaction for the Social-Emotional Wellbeing subscale, the control group was found to have a statistically significantly higher (P 5 .017) average score than the cleft group only for those in the 15-to 18-year-old age group. Regarding the effect of age on the average Global Health-Oral subscale, the 8-to 10-year-old group has a statistically significantly higher (P 5 .039) average score than the 15-to 18-year-old age group. A comparison of COHIP scores between age groups for the cleft subjects is shown in Table 5 . Regarding the age 3 race interaction for Treatment Expectancy for the cleft subjects, for those in the 11-to 14-year-old age group only, the African American subjects were found to have a statistically significantly higher average score than the white subjects. Table 6 compares the overall and subscale scores for the cleft subjects and their caregivers. We did not find any statistically significant differences between the responses of the children with orofacial clefts and their caregivers for overall OHRQoL or for any of the subscales.
DISCUSSION
The results of this study indicate that orofacial clefts have a significant impact on OHRQoL in children. Our results confirm that children with orofacial clefts had significantly lower OHRQoL than control children for the overall COHIP score and for the Functional Well-being and Social-Emotional Well-being subscales. These results are consistent with the findings of other studies. Broder and Wilson-Genderson (2007) reported that craniofacial patients had significantly lower overall COHIP and Functional Well-being scores compared with orthodontic and pediatric patients. These investigators also reported that differences in Social-Emotional Well-being scores approached significance. Additionally, Broder and Wilson-Genderson reported that craniofacial patients had a significantly lower score for School Environment. Jokovic et al. (2002) reported lower OHRQoL in 11-to 14-year-olds with orofacial clefts using another OHRQoL questionnaire, and Topolski et al. (2005) reported children with visible facial differences have lower quality of life score compared with control children.
In contrast, some studies (Warschausky et al., 2002; Jokovic et al., 2004; Locker et al., 2005; Wogelius et al., 2009 ) have found that orofacial clefts have less of an impact on HRQoL in children. These findings may be due to differences in sample size and/or study population, as well as the use of different questionnaires.
When evaluating which individual COHIP items demonstrated the greatest differences between cleft and control subjects, we found that for the Functional Well-being subscale, cleft subjects were more likely to have difficulty eating, saying certain words, being understood when speaking, and keeping their teeth clean. These findings are consistent with the clinical manifestations of orofacial clefts. Individuals with orofacial clefts typically have malocclusion related to missing and rotated teeth, constricted maxillary arch form, and skeletal discrepancies, which impact mastication efficiency. Cleft palate is often associated with oronasal fistulas and/or velopharyngeal incompetence, which result in hypernasality of speech. Difficulties with oral hygiene are consistent with rotated and malpositioned teeth, which are often associated with orofacial clefts (Gorlin et al., 2001) . Also, many of the subjects with orofacial clefts had orthodontic appliances, which can contribute to functional difficulties (Liu et al., 2011) . For the Social-Emotional Well-being subscale, cleft subjects were more likely to be worried or anxious, experience bullying or teasing, to feel like they looked different, to be worried about what people think, and to be upset or uncomfortable. These findings are supported by other studies (Hunt et al., 2006) .
Our study did not find any significant differences in OHRQoL among cleft patients in different age groups. However, there was a significant difference in the interaction between age group and Social-Emotional Well-being when comparing children with orofacial clefts and control children. Orofacial clefts had a greater impact on Social-Emotional { F ratios for comparisons between the two groups of children involve the numerator degrees of freedom (DFn) 5 1 and the denominator degrees of freedom (DFd) 5 131 for all Child Oral Health Impact Profile (COHIP) subscales except Treatment Expectancy.
{ The group 3 age interaction was statistically significant (DFn 5 2, DFd 5 131, F ratio 5 3.10, P 5 .048) for Social-Emotional Well-being.
1 Two missing Treatment Expectancy responses in the control group resulted in DFd 5 129. I Age was statistically significant (DFn 5 2, DFd 5 131, F ratio 5 3.79, P 5 .025) for Global Health-Oral. * P , .05. * All F ratios for comparisons between the two groups of children involve the numerator degrees of freedom (DFn) 5 2 and the denominator degrees of freedom (DFd) 5 43. { The age 3 race interaction was statistically significant (DFn 5 2, DFd 5 43, F ratio 5 4.12, P 5 0.023) for Treatment Expectancy.
Well-being in 15-to 18-year-olds than they did in 8-to 10year-olds or 11-to 14-year-olds, possibly because concerns about appearance and the opinions of others become more important as children with orofacial clefts approach the age of sexual relationships. It is interesting that we also found that cleft subjects in the 15-to 18-year-old age group had a statistically significant higher Treatment Expectancy score than the cleft subjects in younger age groups, meaning that they were more hopeful about how they will feel after treatment and less nervous about receiving treatment. These results would lead us to reject our first and second null hypotheses. Only a limited number of studies have looked at agerelated differences in OHRQoL in children and adolescents with clefts. Although Broder and Wilson-Genderson's study (2007) found age-related differences when combining subjects from the craniofacial, orthodontic, pediatric, and control groups, differences within the craniofacial group alone were not reported. Results from a study by Damiano et al. (2007) demonstrated age-related differences in HRQoL in preadolescent children with orofacial clefts. The results of their study indicate that the difference in external appearance related to lip involvement has greater relative importance as the child gets closer to adolescence.
When comparing the responses of children with orofacial clefts to the reports of their caregivers, we found no significant differences for overall OHRQoL or any of the subscales. These results lead us to not reject our third null hypothesis. Generally, caregivers have low to modest agreement with their child's QoL ratings (Achenbach et al., 1987; Eiser and Morse, 2001) . Caregiver/child agreement in other studies using the COHIP survey varies. Bos et al. (2010) found good agreement overall between reports of orthodontic patients (aged 8 to 15 years) and their parents using the Dutch version of COHIP. On the other hand, Wilson-Genderson et al. (2007) found low to modest rates of caregiver agreement for their sample of craniofacial, orthodontic, and pediatric children. They found that craniofacial subjects tended to rate their OHRQoL higher than their caregivers' responses; whereas, pediatric and orthodontic patients were more likely to agree with their caregivers' responses or rate their OHRQoL lower. Those individuals with orofacial clefts have opinions of their appearance, which provide an important aspect in their quality of life. This aspect of health care is a focus in clinical research initiatives such as in the field of Patient Centered Outcomes Research Institute.
Study Limitations
One of the limitations of this study is the difference in demographics between the study and control groups. There were significant differences between the cleft and control groups for age, gender, and race. The cleft group had significantly more boys and fewer girls than the control group. This is not surprising, considering the majority of subjects in the cleft group had cleft lip with or without cleft palate, which in white populations occurs more frequently in males than females by about 2:1 (Mossey and Little, 2002) . However, there were no significant differences between responses for male and female subjects, so this difference should not affect the results.
Additionally, the control group had fewer whites and more African Americans and Hispanics than the cleft group. This difference is explained by orofacial clefts being more prevalent in whites than in African Americans (Croen et al., 1998) . Also, the control subjects were recruited from primary care clinics that draw many of their patients from urban, predominantly African American, neighborhoods near the hospital. The study subjects were recruited from the Craniofacial Anomalies Clinic, which draws patients from a larger geographical area, with patients traveling up to 3 hours to attend the clinic. Although there were differences in racial composition of the cleft and control groups, there were no significant differences in OHRQoL between races, so the racial differences should not affect the results.
The cleft group had more subjects in the 11 to 14 age group (47%), whereas the majority of control subjects were in the 15 to 18 age group (53%). The reason for this difference is that a larger percentage of the control group came from the Adolescent Medicine Clinic than the Pediatric Primary Care Clinic; therefore, the control subjects tended to be older. The majority of subjects from the Craniofacial Anomalies Clinic were in active orthodontic treatment and therefore more likely to be in the 11 to 14 age group, when orthodontic treatment is most prevalent. There were no significant differences among subjects in different age groups for the overall OHRQoL nor for any of the subscales except for Social-Emotional Well-being, for which there was a significant interaction between age group and COHIP score between the cleft and control groups. We analyzed our data using parametric statistics so that our results could be compared with the statistical analysis in previous COHIP studies Ralstrom, 2009 ). However, we have concerns about the use of parametric statistics for several reasons. First, the COHIP questionnaire uses a Likert-type scale, which could be argued to be ordered categorical and not interval level because respondents may not perceive response levels as equidistant. Second, the extremes at each end of the scale are not equal in magnitude. The possible responses for the first 30 items are never, almost never, sometimes, fairly often, and almost all the time. The opposite of never should be all the time instead of almost all the time. This could be problematic because scoring is reversed for negatively worded items but not for positively worded questions, which could result in skewing of the data toward one end of the scale, depending on whether the question was negatively or positively worded. Third, using Bonferroni-corrected tests for normality we found many deviations from a normal distribution in our data.
To address these concerns, future studies may consider replacing the Likert-type scale with a visual analog scale. For the first 30 items, words of equal magnitude should anchor the scale (e.g., never and always). Another possibility would be to leave the questionnaire as it is currently worded and alter the scoring and data analysis. Responses for items 1 to 30 could be assigned values between 0% and 100% based upon respondent perception (e.g., never might be assigned to 0%; almost never to 10%; sometimes, 40%; fairly often, 70%; almost all the time, 90%) rather than assigning equidistant values for the responses.
CONCLUSIONS
1. Presence of an orofacial cleft significantly decreases overall OHRQoL, Functional Well-being, and Social-Emotional Well-being in children and adolescents. 2. The negative impact of orofacial clefts on Social-Emotional Well-being is greater in 15-to 18-year-olds than in younger age groups. 3. Children with orofacial clefts and their caregivers had very similar evaluations of the child's OHRQoL. 4. The findings from this study indicate that further research in self-reported OHQoL may need to consider improving context-related social competencies as indicated by other studies in the field.
